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Description 

FIELD OF THE INVENTION 

5 The present invention concerns methods for inhibiting the growth of leukemic cells and treating leukemia patients. 

BACKGROUND OF THE INVENTION 

Leukemia is a neoplastic condition of hematopoietic stem cells. Leukemic cells, or blasts, are generally classified 
10 as having either lymphoid or myeloid differentiation. However, blasts may also be undifferentiated or have both lymphoid 
and myeloid features. Leukemia is also classified as being acute or chronic. 

Hematopoietic stem cells differentiate to give rise to "terminally* differentiated cells such as neutrophils, erythro- 
cytes, platelets, and plasma cells. (See Bagby, G. C, Jr., Chapter 3, The molecular Basis of Blood disease 2**, W.B. 
Saurtder Company, 1994.) Acute leukemia results from the malignant transformation of a hematopoietic stem cell pro- 
is ducing a clone of cells characterized by disordered growth and maturation. The clone has a selective growth advantage 
over normal cells and eventually supplants normal cells in the bone marrow. Differentiation is limited in the clone cells 
and cells not maturing may be morphologically and functionally abnormal. Thus, maturation may be 'frozen" at an early 
stage of development with normal hematopoiesis replaced by a mechanism making a product that is both quantitatively 
and qualitatively altered. 

20 Acute leukemia results in bone marrow failure and organ infiltration by malignant leukemic cells. (Reviewed by 
O'Rourke and Kalter Leukemia, In: Clinical Oncology, Chapter 28, Eds. Weiss, Appleton and Lange; Norwalk Conn, 
1993.) Thus, in addition to adversely affecting hematopoiesis, blasts can infiltrate other organs such as the central nerv- 
ous system, skin, liver, spleen, or gastrointestinal tract, leading to local symptoms or organ failure. Chronic leukemia 
differs from acute leukemia by its onset and prolonged course. Often chronic leukemia is present with few or no symp- 

25 toms (Reviewed by O'Rourke and Halter, Supra.) 

In the publication "Agressive diffuse lymphoma coexpressing NRASp21 and C-ErbB-2 (neu) oncogene products, 
and CALLA (CD10)" by Imamura, N. et al., in Leukemia and Lymphoma. Vol. 4, pp. 419-422, the authors demonstrate 
the overexpression of HER-2 (also C-ErbB-2 or neu) on malignant lymphoma cells derived from one patient suffering 
from agressive diffuse lymphoma However, no hint regarding the overexpression of HER-2 on leukemic cells is given 

30 in this document. 

SUMMARY OF THE INVENTION 

The present invention identifies a subset of leukemic cells which express HER-2 protein on their cell surface. The 

35 invention features methods for inhibiting the growth of such cells and treating leukemia patients by targeting the HER- 
2 protein. The HER-2 protein is targeted using different techniques such as using anti-HER-2 agents which inhibit HER- 
2 protein activity and the growth of cells expressing HER-2, using anti-HER-2 agents which bind to HER-2 protein and 
kill cells expressing HER-2 protein, and using HER-2 protein binding agents to selectively remove leukemic cells 
expressing HER-2 from normal hematopoietic cells. 

40 HER-2 protein expression was found on the surface of leukemic cells obtained from patients characterized as hav- 
ing common acute lymphoblastic leukemia (C-ALL) or chronic myelogenous leukemia (CML) in lymphoid blast crises, 
and in leukemic cell lines. All of the leukemic cells expressing HER-2 protein also expressed CD 19 which is a surface 
antigen characteristic of the B-cell lineage. Expression of HER-2 protein in a leukemic cell indicates that the enhanced 
or uncontrolled proliferation characteristic of the leukemic cell is to some extent driven by HER-2 protein activity. 

45 HER-2 protein, also know as pl85(HER-2), is a receptor tyrosine kinase protein. "HER-2 protein expression" refers 
to an increased amount of HER-2 protein on the cell surface. The increased amount is relative to that occurring in non- 
leu kemic hematopoietic cells. As described in the examples below, none of the non-leukemic hematopoietic cells tested 
had detectable expression of HER-2 protein on their cell surface. 

Anti-HER-2 agents are made up of molecules or compounds targeted to cells expressing HER-2 protein which 

so either inhibits the growth of, or kills, cells expressing HER-2 protein. Compounds targeted to cells expressing HER-2 
protein exert a greater growth inhibitory effect or killing effect on a cell expressing HER-2 protein than a cell not express- 
ing HER-2 protein. Targeting cells expressing HER-2 protein can be achieved using different techniques such as using 
agents able to bind to HER-2 protein and/or able to inhibit one or more HER-2 protein activities. HER-2 protein activities 
are cellular processes mediated or effected by HER-2 protein. Examples of anti-HER-2 agents include HER-2 inhibiting 

55 compounds, anti-HER-2 antibodies, anti-HER-2 nucleic acid, and defective HER-2 protein. 

Thus, a first aspect of the present invention features a method for inhibiting proliferation of a leukemic cell express- 
ing HER-2 protein. The method can be carried out in vivo or in vitro and involves exposing the leukemic cell to a prolif- 
eration inhibiting amount of an anti-HER-2 agent 
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Additional HER-2 protein activities can be identified using standard techniques. For example, a partial agonistic 
monoclonal antibody recognizing HER-2 protein can be used to activate HER-2 protein and examine signal transduc- 
tion of HER-2 protein. Scott et al, Journal of Biological Chemistry 22:14300, 1991 . 

s B. Over-Expression of the Gene Encoding HER-2 protein 

Over-expression of the gene encoding HER-2 protein has been linked to neoplastic transformations in different 
cells by different investigators. Slamon et al., Science 244:707, 1989, examined the correlation between HER-2/neu 
and breast and ovarian carcinoma, and also examined procedures used to measure the correlation. According to Sla- 
10 mon: 

The HER-2/neu proto-oncogene is amplified in 25 to 30 percent of human primary breast cancers and this altera- 
tion is associated with disease behavior. In this report, several similarities were found in the biology of HER-2/neu in 
breast and ovarian cancer, including a similar incidence of amplification, a direct correlation between amplification and 
over-expression, evidence of tumors in which overexpression occurs without amplification, and the association between 

is gene alteration and clinical outcome. A comprehensive study of the gene and its products (RNA and protein) was simul- 
taneously preformed on a large number of both tumor types. This analysis identified several potential shortcomings of 
the various methods used to evaluate HER-2/ neu in these diseases (Southern, Northern, and Western blots, and 
immunohistochemistry) and provided information regarding considerations that should be addressed when studying a 
gene or gene product in human tissue. The data presented further support the concept that the HER-2/net/ gene may 

20 be involved in the pathogenesis of some human cancers. 

Scott etal., Journal of Biological Chemistry 22:14300, 1991, examined p185(HER-2) signal transduction in breast 
cancer cells. In discussing prior work done in the field Scott et al asserts: 

Amplification and/or overexpression of HER-2/neu has been detected in gastrointestinal, nonsmall cell lung, and 
ovarian adenocarcinomas and occurs in a significant fraction of primary human breast cancers where it correlates with 

25 regionally advanced disease, increased probability of tumor recurrence, and reduced patient survival. (Citations omit- 
ted). 

Shepard et al, J. clinical Immunology 77:117, 1991 , also refers to clinical and experimental evidence supporting a role 
for overexpression of HER-2 protooncogene in the progression of human breast, ovarian, and non-small cell lung car- 
cinoma. 

30 

II. ANTI-HE R-2 AGENTS 

Targeting of anti-HER-2 agents to cells expressing HER-2 protein can be achieved by targeting HER-2 protein itself 
or one or more HER-2 protein activities. Anti-HER-2 agents are selective for HER-2 expressing cells in that they either 

35 kill or inhibit cellular growth of HER-2 expressing cells to a greater extent than they affect equivalent cells not expressing 
HER-2 protein. Equivalent cells are non-leukemic hematopoietic cells. Preferably, the effect on HER-2 expressing cell 
is at least 10 fold greater than on equivalent cells, more preferably at least 100 fold greater, more preferably at least 
1 ,000 fold greater, at one or more concentration of an anti-HER-2 agent. The magnitude of an effect can be measured 
using standard techniques such as by measuring the dose required to achieve 50% growth inhibition or killing. 

40 Anti-HER-2 agents include HER-2 inhibiting compounds, anti-HER-2 antibodies, anti-HER-2 nucleic acid, and 
defective HER-2 protein. Inhibition of HER-2 protein activities can be assayed by measuring the effect of a HER-2 pro- 
tein agonist on cellular processes in the presence and absence of an anti-HER-2 agent Inhibiting growth of leukemic 
cells expressing HER-2 protein can be assayed using standard techniques such as by measuring the growth of the cells 
in the presence and absence of an anti-HER-2 agent The amount of killing can be assayed using standard techniques 

45 to measure cell death such as using an MTT assay as described by Mossman J. Immunol. Methods 65:55-63 (1983), 
and by measuring the amount of LDH released (Korzeniewski and Callewaert, J. Immunol, Methods 54:313 (1983); 
Decker and Lohmann-Matthes, J. Immunol. Methods 775:61 (1988). 

A. Anti-HER-2 Nucleic Acid 

50 

Anti-HER-2 nucleic acid inhibits HER-2 protein activity by either inhibiting production of protein involved in one or 
more HER-2 protein activities or through the production of a defective HER-2 protein. Examples of protein involved in 
HER-2 activity include the HER-2 protein itself, HER-2 substrates, and HER-2 adaptor proteins. 

Different types of nucleic acids can be designed to inhibit HER-2 protein production. For example, anti-HER-2 oli- 
55 gonucleotides can be designed to act through an anti-sense mechanism or as a ribozyme to prevent protein production 
from nucleic acid encoding HER-2. Such oligonucleotides can be designed to contain a nucleic acid region perfectly 
complementary to a nucleic acid sequence encoding HER-2 protein to allow for targeting of HER-2 protein activity. 

Antisense oligonucleotides can hybridize to a target RNA, such as mRNA, and inhibit protein production from that 
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in vivo or ex vivo. Factors influencing the use of different therapeutic compounds including proper dosag , dosage form, 
toxicity and the impact of patient parameters are known in the art Goodman and Gillman, The Pharmacological Baste 
of Therapeutics, McMillan Publishing Co., Inc. New York 1980; Remington's Pharmaceutical Science 15th ed., Mack 
Publishing Company, Easton, Perm.. 1980. 

5 

A, Combination Treatment 

Anti-HER-2 agents can be used alone, in combination with other anti-HER-2 agents of the same or different type, 
and in combination with other types of leukemia treatments. Various different types of general treatments are currently 

w used to treat different types of leukemia patients. These general treatments are based on the leukemia type and do not 
specifically target HER-2 protein. 

For example, different chemotherapeutic agents are used to treat different types of leukemia. O'Rourke and Kafter 
Leukemia, In: Clinical Oncology, Eds. Weiss, Appleton and Lange; Norwalk Conn, 1993; Mrtus and Rosenthal, Adult 
Leukemia, In: American Society Textbook of Clinical Oncology, chapter 30. Eds. Holleb, Fink, and Murphy; and Pui and 

is Rivera, Infant Leukemia, In: American Society Textbook of Clinical Oncology, chapter 31, Eds. Holleb, Fink, and Mur- 
phy;. Examples of chemotherapeutic agents include treatment of AML using daunorubidn, cytarabine (Ara-C), doxoru- 
bicin, amsacrine, mitoxantrone, etoposide (VP-16), thioguanine, mercaptopurine. and azacytidine; treatment of ALL 
using vincristine, prednisone, doxorubicin and asparginase; treatment of CML using busutfen and hydroxyurea; and 
treatment of CLL using chlorambucil and cyclophosphamide. Additional treatments include use of alpha-interferon, 

20 bone marrow transplantation and transplantation of peripheral blood or umbilical cord blood stem cells. 

An example of a combination treatment involving transplantation is autologous bone marrow transplantation used 
in conjunction with anti-HER-2 agents. The treatment could be carried out using the following steps: 1) peripheral blood 
cells or bone marrow cells are removed from a patient; 2) the removed cells are treated with a proliferation inhibiting 
amount of an anti-HER-2 agent; 3) the patient is irradiated to kill leukemic cells not removed; and 4) the treated celts 

25 are returned to the patient. The treated cells can be expanded prior to being returned to the patient. 

Autologous bone marrow transplant can also be used in conjunction with anti-HER-2 binding agents. For example, 
an antibody which binds HER-2 can be used to filter out leukemic celts expressing HER-2 from hematopoietic cells. The 
filtered hematopoietic cells are returned to an irradiated patient. 

30 B. In Vivo Treatment of Leukemia 

Patients can be treated in vivo using a therapeutically effective amount of an anti-HER-2 agent The chosen anti- 
HER-2 agent should not cause side effects which would be regarded as not tolerable to a patient Proper administration 
of an anti-HER-2 agent brings the agent into contact with leukemic cells expressing HER-2 protein in a sufficient 
35 amount to exert a therapeutic effect. 

The chosen method of administration should take into account factors affecting the proper functioning of the agent 
such as the type of anti-HER-2 agent, the type of patient, and the disease condition. Agents exerting their effect inside 
a cell such as anti-HER-2 nucleic acid need to be transported into the cell. 

Anti-HER-2 agents can be administered by different routes including intravenous, intraperitoneal, intranasal, 
ao intrathecal, ophthalmic, subcutaneous, intramuscular, oral, topical, and transmuccosal. Standard drug delivery vehicles 
are available for different types of administration. There may be advantages to a particular route of administration for a 
particular agent, patient and disease. 

Delivery routes such as intravenous, intraperitoneal, intranasal, intrathecal, ophthalmic, subcutaneous, intramus- 
cular, oral, and transmuccosal can be chosen to allow for systemic adsorption. Systemic adsorption results in agent 
45 accumulation in the blood stream followed by distribution throughout the entire body. 

Anti-HER-2 agents can be administered to a patient by itself, or in a pharmaceutical composition comprising the 
active compound and a carrier or excipient Carriers or exctpients can be used to facilitate administration of anti-HER- 
2 agents. For example, carriers or excipients such as calcium carbonate, calcium phosphate, various sugars or types 
of starch, cellulose derivatives, gelatin, vegetable oils, polyethylene glycols and physiologically compatible solvents can 
so be use to increase the solubility of an anti-HER-2 compound. 

Anti-HER-2 nucleic acid can be introduced into a cell using standard techniques such as those involving a retroviral 
vector, ion paired molecules, covalently attached adducts and liposomes. Liposomes are hollow spherical vesicles com- 
posed of lipids arranged in a similar fashion as those lipids making up the cell membrane. They have an internal aque- 
ous space for entrapping water soluble compounds and range in size from 0.05 to several microns in diameter. 
55 Liposomes offer several advantages including increased intracellular stability and increased uptake efficiency. Addition- 
ally, antibodies can be attached to liposomes to target particular cells, such as cells expressing HER-2 protein. 

Drug delivery vehicles can be designed to serve as a slow release reservoir, or to deliver their contents directly to 
the target cell. An advantage of using direct delivery drug vehicles is that multiple molecules are delivered per uptake. 
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instructions. Approximately 9 x 1 0 5 cells containing 81% of CD34-positive cells were collected after separati n. Positiv- 
ity was estimated using the CD34-reactiv antibody HPCA-2-FITC (Becton Dickinson, Heidelberg). 

Immunofluorescence Staining 

5 

Immunofluorescence staining was carried out using (phycoerythrin) PE conjugated sheep anti-mouse serum. 
Unspeciftc binding to Fc receptors was blocked by incubating cells with 10% human AB serum (Behring, Marburg, Ger- 
many) for 10 minute on ice. In the next step, cells were incubated with the designated antibody (2 ug/mQ for 15 minutes, 
washed, and stained using the F(ab*)2 fragment of a PE conjugated sheep anti-mouse serum (Sigma, MQnchen, Ger- 
10 many). Background staining was performed with an !gG1 control antibody (Southern Biotechnology). CD34-posrtive 
cells were labeled with mAb 24D2 (lgG1) and stained with an isotype-matched goat anti-mouse antibody conjugated 
with PE (Southern Biotechnology). 

Flow Cytometric Analysis 

15 

Row cytometric analysis was performed on a FACScan flow cytometer (Becton Dickinson) equipped with an argon 
ion laser. Cell fluorescence was excited at 488 nm and the phycoerythrin (PE) signals were detected through a 570 nm 
band pass filter. Ten-thousand events were acquired and analyzed on an Amatic 486 PC. 

20 Results 

HER-2 Protein Expression on Leukemia blasts 

Blasts from infant and adult patients suffering from chronic or acute leukemia were analyzed on a flow cytometer 
25 for their cell surface expression of HER-2 protein. As shown in Table 1 the cells from 2/15 infant and 9/19 adult patients 
with C-ALL expressed HER-2 protein on their surface. One out of two ALL (CD 19+ CD10-), and 3/4 CML-BC samples 
with a C-ALL phenotype (CD1 9+ CD 10+), expressed HER-2 protein. No expression of HER-2 protein was observed on 
the blasts from patients with T-ALL (0/3 samples from infant patients and 0/7 samples from adult patients), AML (0/30), 
CLL (0/5), CML in chronic or accelerated phase (0/5) or in blast crisis (CML-BC) with myeloid differentiation (0/30). 



TABLE 1 



Expression of HER-2 Protein on Leukemia Blasts 


Leukemia Blast 


HER-2 expression 
Number tested 


Description 


AML 


0/30 




T-ALL 


0/10 


3 Infant Patients 
7 Adult Patients 


C-ALL 


2/15 


Infant 


C-ALL 


9/19 


Adult 


Pro-B ALL 


1/2 


CD19+CD10- 


CML 


0/5 


Chronic and accelerated phase 


CML-BC-M 


0/30 


myeloid blast crisis 


CML-BC-B 


3/4 


CD 10+ B-lymphoblastic blast crisis 


CLL 


0/5 


CD5+ 



At least 80% of the tested samples were made up of leukemia blasts. Monoclonal antibody 24D2 was used for delecting 
HER-2 protein expression. Cells were labeled with mAb 24D2, stained with a PE-conjugated anti-mouse antiserum, 
and analyzed on a FACScan flow cytometer. 

55 

HER-2 Protein Expression on Normal Hematopoietic Cells 

No expression of HER-2 protein was detected on peripheral Wood lymphocytes, monocytes, granulocytes, erythro- 
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cytes and platelets, on normal bone marrow celts, and n CD34-enriched n rmal bone marrow cells. 
Example 2: Down-Regulation of HER-2 protein on Leukemia Blasts 

5 Down-regulation of HER-2 protein activity was studied using cells of a C-ALL sample obtained from a patient in 
Example 1 . Trie chosen C-ALL sample showed the highest level of HER-2 protein expression of those blasts tested in 
Example 1. Antibodies were obtained as described in Example 1 and antibody-mediated down-regulation was esti- 
mated using a slight modification of the protocol described by BQhring et ah, Cancer Res. 53:4424, 1993. 

Briefly, cells were incubated in PBS for two hours at 37°C with either a control antibody or 5 ug/ml of HER-2-reac- 

w tive mAB 13A1 or 13D1 . After blocking and washing with ice-cold PBS, containing 0.1% NalS^, cells were labeled with 
either an lgG1 control antibody or with 13A1 or 13D1 , respectively, and stained for fluorescence analysis using a flow 
cytometer as described in Example 1 . 

Blasts treated only with the control antibody and stained with mAB 13A1 or 13D1 showed the same level of HER- 
2 expression as untreated ceils. In contrast about 90% of the blasts pre-incubated with mAB 13A1 and 1 3D 1 lost HER- 

15 2 protein expression on their surface, while 1 0% of the cells remained positive for HER-2 protein expression. A prereq- 
uisite of a functioning HER-2 receptor is its potential to be down-regulated. Thus, the data indicates that HER-2 protein 
found on leukemic cells is a functioning HER-2 receptor. 

Example 3: HER-2 Protein Expression in Hematopoietic Cells Lines 

20 

Expression of HER-2 protein on normal and leukemic cell lines was measured using antibodies targeted to HER-2 
protein as described in Example 1 . Hematopoietic cell lines were obtained from different sources. K562 and HEL (eryth- 
roteukemias), KG-1, KG-1a, HL-60, and U937 (myeloid leukemias), HSB-2, CCRF-CEM, and Molt-4 (T-lymphoblastic 
leukemias), Daudi, Reh, and Cess (B-lymphoblastotd teukemias) were obtained from the American Type Culture Col- 

25 lection (ATCC). The cell lines M07-e (megakaryoblastic leukemia), TMM, Nalm-1 , BV-173, CML-T1 , SPI-801 , and EM- 
2 (derived from CML), and U-266 (myeloma) were purchased from The German Collection of Microorganisms and Ceil 
Cultures" (DSM). Additionally the following celts lines were obtained from different sources: were UT-7 (erythroleuke- 
mia) (see, Komatsu et al, Cane. Res. 51:341, 1991), MEG-01 (megakaryoblastic) (see, Ogura et a!., Blood 66:1384, 
1985) TF-1 (erythroleukemic) (see, Kitamura era/., Cell Physiol. 740:323, 1989), MOLM-1 (megakaryoblastic) (see, 

30 Matsuo er a!., Human Cell 4261, 1991), DU.528 (myeloid) (see, Begley et al. t Proc. Natl. Acad. Set. USA 56:2031, 
1 989), OCI/AML-4 (myeloid) (see, Koistinen et ai, Leukemia 5:704, 1 991 , and Km3 (pre-B-lymphoblastoid). 

The results of testing leukemic cell lines of various lineages for expression of HER-2 protein is shown in Table 2. 
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TABLE 2 



EXPRESSION OF HER-2 PROTEIN ON DIFFERENT HEMATOPOIETIC CELL LINES 


Cell Line 


HER-2 


Characteristics of Cell Line 


Erythroblastic/megakaryoblastic cell lines 


UT-7 




erythroblasticAriegakaryoblasttc leukemia 


TF-1 




erythroleukemic leukemia 


M07-e 




megakaryoblastic leukemia 


MEG-01 




megakaryoblastic leukemia Ph+(CML) 


HEL 




erythroblastic/megakaryoblastic leukemia 


K562 




erythroblastic leukemia Ph+(CML) 


SPI-801 




erythroblastic leukemia (K562 derived) Ph+(CML) 


MOLM 




megakaryoblastic leukemia Ph+(CML) 


Myeloid cell lines 


EM-2 




myetobtastic leukemia Ph+(CML) 


KG-1 




myeloblastic leukemia 


KG-1a 




immature subline of KG-1 


HL-60 




myeloblastic leukemia 


DU.528 




myeloblastic leukemia (mixed phenotype) 


U937 




myeloblastic leukemia 


OCI/AML-4 




myeloblastic leukemia 


B-Cell lines 


TMM 




B-lymphoblastic leukemia (CD 10-) Ph-(CML) 


BV-173 


+ 


B-lymphoblastic (CD10+) Ph+(CML) 


Nalm-1 


" + 


B-lymphoblastic leukemia (CD10+) Ph+(CML) 


Daudi 




B-lymphoblastic leukemia 


Reh 




pre B-lymphoblastic leukemia (CD10+) 


U266 




myeloma 


Km3 




pre B-lymphoblastic leukemia (CD10+) 


Cess 




C-lymphobtastic leukemia 


T-cell lines 


CML-T1 




T- lymphoblastic leukemia Ph+(CML) 


HSB-2 




T-lymphoblastic leukemia 


CCRF-CEM 




T-lymphoblastic leukemia 


Molt-4 




T-lymphoblastic leukemia 



CeOs were labeled with mAb 24D2, stained with a PE-conjugated anti-mouse antiserum, and analyzed on a FACScan 
flow cytometer. Only the B-lymphoblastic cell lines BV-173 and Nalm-1 had detectable levels of HER-2 protein surface 
55 expression. Between BV-173 and Nalm-1, BV-173 had a higher expression level. Additionally, BV-173 had cell surface 
expression of EGF-R while Nalm-1 did not express EGF-R. 
Other embodiments are within the following claims. 
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Claims 

1 . An ex vivo-method of inhibiting proliferation of a leukemic cell derived from a patient suffering fr m acute lymphatic 
leukemia (ALL) comprising the step of exposing said cell to a proliferation inhibiting amount of an anti-HER-2 agent, 

5 wherein said cell expresses HER-2 protein. 

2. The method of claim 1 , wherein said leukemic cell is of B-rymphoblastic lineage. 

3. The method of claim 1 , wherein said cell expresses CD1 9. 

10 

4. The method of claim 1 , wherein said cell expresses CD1 0. 

5. The method of claim 1, wherein said cell expresses CD10 and CD19. 

is 6. The method of claim 1 , wherein said cell expresses CD19 but not CD10. 

7. The method of claim 1 or 2, wherein said anti-HER-2 agent is selected from the group consisting of: HER-2 inhib- 
iting compound, anti-HER-2 nucleic acid, anti-HER-2 antibody, and defective HER-2 protein. 

20 8. An ex vivo-method of treating hematopoietic cells obtained from a leukemia patient suffering from acute lymphatic 
leukemia (ALL), said cells containing leukemic cells expressing HER-2 protein, comprising the step of filtering out 
said leukemic cells from normal hematopoietic cells. 

9. The method of claim 8, wherein said method filters said leukemic cells using an antibody which binds HER-2 pro- 
25 tein. 

10. An ex vivo-method for determining whether a patient has leukemic cells originating from acute lymphatic leukemia 
(ALL), characterized by cell surface expression of HER-2 protein, comprising the steps of: 

30 a) providing a HER-2 binding agent to hemapoietic cells containing said leukemic cells from said patient; and 

b) measuring binding of said agent to said leukemic cells. . 

1 1 . The method of claim 1 0, wherein said binding agent is an antibody which binds HER-2. 

35 12. An ex vivo-method for determining whether proliferation of a leukemic cell in a patient suffering from acute lym- 
phatic leukemia (ALL) is due to HER-2 protein activity, comprising the steps of: 

a) exposing said cell removed from said patient to a cell proliferation inhibiting amount of an anti-HER-2 agent, 
and 

40 b) measuring the growth of said cell after exposure to said agent. 

13. The method of claim 12, wherein said cell expresses a polypeptide selected from the group consisting of: CD10 
andCD19. 

45 PatentansprQche 

1 . Ex vivo- Verfahren zur Inhibition der Proliferation einer Leukamiezelle, die aus einem an akuter lymphatischer Leuk- 
amte (ALL) leidenden Patierrten stammt, mit dem Schritt, die Zelle einer die Proliferation inhibierenden Menge 
eines Anti-HER-2-Agens auszusetzen, wobei die Zelle HER-2 Protein exprirrtiert. 

so 

2. Verfahren nach Anspruch 1 , bei dem die Leukamiezelle der B-lymphoblastischen Linie angehOrt 

3. Verfahren nach Anspruch 1 , bei dem die Zelle CD 19 exprimiert. 
55 4. Verfahren nach Anspruch 1 , bei dem die Zelle CD10 exprimiert. 

5. Verfahren nach Anspruch 1, bei dem die Zelle CD10 und CD19 exprimiert 
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6. Verfahren nach Anspruch 1 , bei dem die Zelle CD1 9, jedoch nicht CD1 0 exprimiert. 

7. Verfahren nach Anspruch 1 Oder 2. bei dem das Arrti-HER-2-Agens ausgewahtt ist aus der Qruppe bestehend aus 
einer HER-2 inhibierenden Verbindung, einer Anti-HER-2-Nukleinsaure, einem Arrti-HER-2-Antik6rper und einem 

5 defeklen HER-2-Protein. 

8. Ex vivo- Verfahren zur Behandlung hamatopoetischer Zellen, die aus einem an akuter lymphatischer Leukamie 
(ALL) leidenden Patierrten gewonnen wurden, wobei die Zellen Leukamiezellen umfassen, die HER-2-Protein 
exprimieren, mit dem Schrrtt, die Leukamiezellen aus normalen hamatopoetischen Zellen herauszuf iltem. 

10 

9. Verfahren nach Anspruch 8, bei dem das Verfahren die Leukamiezellen unter Verwendung eines HER-2-Protein 
bindenden Antikorpers herausfirtert. 

10. Ex vivo- Verfahren zur Bestimmung, ob ein Patient Leukamiezellen hat die aus einer akuten lymphatischen Leuk- 
15 amie (ALL) stammen, gekennzeichnet durch eine Zelloberflachenexpression des HER-2-Proteins, mit den Schrrt- 

ten: 

a) Zugabe eines HER-2-bindenden Agens zu hamatopoetischen Zellen, die die Leukamiezellen aus dem Pati- 
errten umfassen; und 

20 

b) Messung der Bindung des Agens an die Leukamiezellen. 

11. Verfahren nach Anspruch 10, bei dem das bindende Agens ein Antikorper ist der HER-2 bindet. 

25 12. Ex vivo- Verfahren zur Bestimmung, ob die Proliferation einer Leukamiezelle eines an akuter lymphatischer Leuk- 
amie (ALL) leidenden Patienten auf eine HER-2- Protein- Aktivttat zuruckzufuhren ist, mit den Schrrtten: 

a) die aus dem Patienten entnommene Zelle wird einer die Zellproliferation inhibierenden Menge eines Anti- 
HER-2 Agens ausgesetzt; und 

30 

b) das Wachstum der Zelle wird gemessen, nachdem die Zelle dem Agens ausgesetzt wurde. 

13. Verfahren nach Anspruch 12, bei dem die Zelle ein Polypepttd exprimiert, das ausgewahlt ist aus der Gruppe 
bestehend aus CD10 und CD19. 

55 

Revendications 

1 . Precede ex vivo pour inhiber la proliferation d'une cellule leucemique issue cTun patient atteint de leucemie aigue 
lymphoblastique (LAL), comprenant I'etape consistant a exposer lacfite cellule a une quantite inhibant la prolrfera- 

40 tion d'un agent arrti-HER-2, dans lequel ladrte cellule exprime la proteine HER-2. 

2. Precede selon la revendication 1 , dans lequel ladrte cellule leucemique appartient a la lignee B-lymphoblastique. 

3. Precede selon la revendication 1, dans lequel ladrte cellule exprime CD19. 

45 

4. Precede selon la revendication 1 , dans lequel ladrte cellule exprime CD 10. 

5. Precede selon la revendication 1 , dans lequel ladrte cellule exprime CD10 et CD1 9. 

so 6. Precede selon la revendication 1, dans lequel ladrte cellule exprime CD19 mais pas CD10. 

7. Precede selon la revendication 1 ou 2, dans lequel ledit agent anti -HER-2 est choisi dans le groupe constitue d'un 
compose inhibant HER-2, d'un acide nucleique anti-HER-2, d'un arrticorps anti-HER-2, et d'une proteine HER-2 
defectueuse. 

55 

8. Precede ex vivo pour tra'rter des cellules hematopoietiques obtenues chez un patient leucemique atteint de leuce- 
mie aigue lymphoblastique (LAL), lesdites cellules contenant des cellules leucemiques exprimant la proteine HER- 
2, comprenant I'etape consistant a separer par filtration lesdites cellules leucemiques des cellules hematopoTeti- 
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ques normales. 

9. Proc6d6 selon la revendication 8, dans lequel ledit proc6d6 fUtre lesd'rtes cellules Ieuc6miques au moyen d'un anti- 
corps qui se lie la proteine HER-2. 

5 

10. Proced6 ex vivo pour determiner si un patient possdde des cellules leucemiques provenant cfune leucemie aigue 
rymphoblastique (LAL), caract6ris6e par I'expression £ la surface des cellules de la proteine HER-2, comprenant 
les stapes consistant a : 

w a) fournir un agent de liaison a HER-2, a des cellules h6matopoT6tiques corrtenarrt lesdites cellules teucemi- 

ques dudit patient; et 

b) mesurer la liaison dudit agent auxdites cellules leucerrtiques. 

11. Proc6d6 selon la revendication 10, dans lequel ledit agent de liaison est un anticorps qui se lie d HER-2. 

15 

12. Proc6d§ ex vivo pour determiner si la proliferation d'une cellule Ieuc6mique chez un patient atteint de Ieuc6mie 
aigue lymphoblastique est causae par ractivite de la proteine HER-2, comprenant les Stapes consistant a : 

a) exposer ladite cellule retir6e dudit patient a une quantity inhibant la proliferation cellulaire d'un agent anti- 
20 HER-2, et 

b) mesurer la croissance de ladite cellule apres exposition audit agent. 

13. Procede selon la revendication 12, dans lequel ladite cellule exprime un polypeptide choisi dans le groupe consti- 
tue de CDIOetde CD19. 

25 
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